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Low Tempersturs Dlamsgnetism of Elestrons in s Cplinder

Abatract

Thm oxsot oligsnfunotions ars frund for an slesirom inm & cylindricel
sontsimer ia the prvssnce of ¢ uniform sxiel megretioc fleld. The sigen-
valus spaoirum, whils supsrfiotzlly simiiar €0 that in free spsce, is sc
sszantielly d4iffsrent thst the etatieticel proparties of en elsciron
sggombly in the oylinder ero entirely different from thoss derived in
previoue work. I+ ig therefore of interest to uss en integrstion
spproximation in computing the energy of ths sassmbly at 0FK. It turns
out te have & very cirong sise=depsndent paremagnetioc term, and %the
resscns for this eres osrefully sxplsined. The work lends suppori tc the
visw that the observed dismagmetiem of elsotrons in the superconducting
state ommnot be understood in terms of eony fres electron approximstion,

and that intersotions with the lsttiose potentisl play ar essenmtiel role.
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Introdustion

Previous work on the quentunm weshsnisel propertise of slectrons in
a negnetic fisld hes bean chersoterissd by e wide veriety of corfliloting
results. In two importent pepers reocently (1) Osborne and 3tesle have
shown hew aerefully one has to handle the etetistice in ordsr to eveid
some of thess oonfliots. However their work, end spperently mich previous
work, has trested tns houndary velue probls= of fitting the sigenfunotions
20 the wnlle of the conteiner in en approximate feshion: Osdornz in pert-
fouler used the WKB msthod, eand in common with ell previous discuseions,
the oonocept of locelized refleoted elsotron orbits 1s besio to the work.

The present paper etems from the idee thet thie conecept of reflected
looeliged orbite le¢ irapplicsdle to the low tsmpersturee perteining in
supsroonductivity work. The "fuzziness® of the Fermi surfece in wave-
mimber speos, representing the poseidis unocerteiniy in the momsnium of any
pertiouler electrun, is too eharp to provide loocelirzsd wave~-groups in
ordinary spsos for the oconduoting electrons: ths uncerteinty 4n postition
e neceesarily st lesat of the order 16~ om. Espacielly for small oyl-
indsre it would therefore be quite unsufe to ploture en sleotron as a
pertiole sepeble of being reflected in e definite orbit, end the VKB
epproximstion oould hardly be regerded es relisble.

There le very good resscon to believe thet the errors oeuesd by ueing
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approximates eigentunctions snd their unreslistic epsivgy speotre wmey
omuge errors at lesst se serious ez those stiecimd by Osborpe end
Steels {n devsloping the ctetistics of the problem. It thsrefors
secawd worth whils to sesX the sxsot ¢iganfuncitone in a aloesd oyl-
fnder with en szlel megnetic Tisld, using no epprozimstions et all, seo
that the conespt of loocelised orbits need never onter the srgumnt.
These exsst oigonfunctions have besen found in the form of mdifisd
Bssssl functions whose nodes oan be medes to fit the wells of ihe oyl-
inder b7 the proper choloe of anergy, thereby quentising the iatier,
The resulting eigenvalue speotrum le superficislly simtler with that
usually sssumed (2), but differs significently. The Jdiffsrence e
such that the Perml zististios of the uu'daly of elsotrone in the
aylinder cammot be even spproaimetely similar with that sseumd in
previous work.

Bogmisa of thie (¢ hea saemed worth whils at ¢he precent time %o
find the energy of en sseswbly et O°K using standard integretion apprux-
imetions, snd to leave to future work the more cxect development using
the mothzd of Oeborns. It would in fect ba of interset to use ihe integ-
ration eprroximetion to find the energy as & funéion of tempersture, bdut
évén the sslouletions st OOK ere extremsly tediguz end we have decidad %o

forsgo the further work for the tims being.



The sxsot eigenfunctions for a oylinder

Assuming the epin to bs separsbla, wa write the Hsmiltonlsn operstor
without spin (3):
K ow - (82/20)92 - n(eH/2M0)d/6d +  Br2(eH/2Mo)> (1)
where M ‘e the mases end «¢ the charge c;f tho eclactron, H is the megnetic
fileld dirsoted elong the z-sxis. Ve sesk solutions of theé 9chrodingsr
equetion in the form

\p e R(r) otk oted (2)

where m e sn integer, postitive or negative, snd k le the wave-pumbder
corresponding to plene weves propegetsd along the z-axte of the oylinder.

™e equation for K(r) reduces to

R®* + R'/r = (Kz - 112/1'2 -u.zr?)n e 0 (3)
vhers 00 = eH/2he )
and X e 2EA2 - 12 - 2mc @

E being the total snergy.

In the limit of mero magnetio field 3q.(3) is the Bessel equetion;
we shall exprese tha sclutions in e form thst diapleys their relstion
with the Bessel funotions es clesrly es poesible. To do this it 1s
oconvenient to introduoce the foliowlng chenge of verisble:

x = Kr, X(x)=R(r), p = o£/K® (5)
The egustion for R then becomess the following equation for Xi
X* e X'/x o+ (1-of/22-p2%)x = 0O (8)



LTD 5

This equstion is Goluble by series integretion, ths result being

2 ,
I(x) = .'QP!‘ Ja(x) (7)
where
Jaz) - Z:c(-n" B, (3™ 2/ altoeim)t (8)
n-1
with B = 1 - 2p(1e jmi22 (9)
w = T {1-=me ]

Cleerly when P * O the factors B beocoms untty and the funoction
J;(x) reduces to the Bessel funotion of order m. Raverting to the
original verisbles the unnormslissd eigenfunociions sre

. Gike o 108 o’i"z Is(xr) (10)
Theee sre the only solutions thst srs well-bshaved both st the origin
and es the radius of the cylinder is inorsesed indsfinitely. They are
axeot.

It 1s obvious that st smsll snough megnetic fielde the perturbdsd
Bsssel funotions J;(Kr) heve meroec not farmmoved from the gzeroes of
the Bsssel functions J-(Kr). As the velus of p is ilnoresasd by
inoressing the megnetioc fleld it is of ocourse possibls for the speotrum
of meroes not only to move conaidarably, but slsc to breek up into e
oompletely diffsrent epectrum. In the present paper we confine ourselves
to “he gimplest ce3do where the field is small anough to be regerded as
only e smsll perturbetion in the senae that the spsctrum of geroes of J;
ie easentially g'milar with that of the zsroes of the Becsel functions.

¥We prove slso thst ectual cxporimentsl fields are small in this senss.
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Cn the sbove undoretsnding wo oen fit the weve functions into e
closed cylinder of redius s by regairing thet K heve one of ths
vzlues glven dy the seroee of the perturbed Bessel funotions:

K = K-j » Where J;(ax-j) =0 (11)
™hrough ¢q.(4) this in turn determines the possible energiess of the
slectron {n the alosed oylinder:

E - 222/2¢ o ‘h2l(gj/2M s mofH e (12)

lanj
Thess sigenvelues oan be determined ss exsotly es ws wieh to compute
the zsroes of ths perturbed Bessel functions.

To the firet order in P the coefficiente B 1in eg.(9) sre
By ™ 1= zpn(nﬁlm;) *  esw (13)

and it is essy to prove from this thet
= I (1 ipx?) (1)

Thereforo for emell fields the rzeroes of J* ere identiosl with those
of the Begeel functione J, end the effeot of smell fields on the eigen-
values is completely tsken ocare of by the lsst tarm in eq.(12), the
quantities ij being independent of the fleld.

We may note numericelly thst X te of the order 107 before it makes
sny sppreoleble contribution to the energy, whils o is of the order
107 times H. Thus f will remain lsss then 1072 for ell fields lese than
105 geuses, end the shovs oonolusions should be velid for all fields yot

employsd experimentelly.



LTD 7

The sigenvalue spsotrum (12) 1s essomtially different from that

sppropriste to free spsce, which ie (3)
By = 22/« (nvd)eRH Mo (1%5)
In thies spesotrum n 1s on unlimited positive integer ertsing from
oscillator terme-. In our epsctrum for the oylindsr there is a new
tarx srising from the msrosa of the Bagsel functions, snd n is an anguler
momsntum quentum rurbar that nay have either positive or negetive velues.
st 09K the n of eq.(15) is 1imitsd by the Formi energy $o!
5; = (ngv3)enH/ Mo (15)

but the m of =q.(12) is restricted by the boundery in e gquite different
feshion, sa follows.

Por large valuee of |m| the first two zsroos of the Bess2l funotions

snd therefors slso of the perturbed Bessel funotions J3 (x) ooocur st the

erguments

e = Kps = im - 1.856[:[1/5 * ..

1 ()
Ly = Xpt = im| ¢ 5.245 m| * .ee
In order to fit the first wero of J; to the oylinder one therefore needs
2 larger value of Klu the larger [m|, and so ths msximum encrgy sets =
limit on the meximun |m| even for zsro megnetic fleld. By contrest eq.(16)
lseves n  unlizmited when the megnotio fleld venlehes. From (12) and (17)
the maximum |™ 1is my where, in sbesence of magnetio fleld
$y = (my v 1.656 mgY/2)2 52/2ma2 (18)
At this point one osn slready pradiot that there will bs snomslouse

nizs effeats in the present problem begasuss of the oube root term in Mg e
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One osn alec sce quslitetivsly from sq.(17) how the boundary ceusses
the pressnoe of so-osllsd reflsoted orbits. It i oleer thst for large
velues of im|{ the spsoing between ths mercees becouss progressiveldy smsll
compared with the redius e s \m inoressss. For lerge \mi vslues the
peak of the function J:( eXy,) becomes very nerrow end confined to redit
very olose to a. Thie ie trus for both poceitive end negetive m-values.
Of ocouree thers is no orbit on the present picture; every eigenfunation
i{e ectuelly reflected et the oylindsr decsuss it has to have e node
there. Por this resson we mey oleo expeot e muoh higher peramegnetic

term then that given by the orbit oconcept.
The Fermi Assembly

¥We now wish to oonstruot the Ferml region in quentum number spece,
within whioch ell etetes sre¢ oocupied st 0°K 1if we have en sssambly of N
eleotrons in the oylinder. The Ferm! surfsce is given by €q.(12) in
ths form
(n2/0fx3, + /12| + 2mp - ¢ (19)
where { ie the Fermi snergy, snd we have written
p = enH/2Mo (20)
snd k= wn/L. L being the length of the cyliinder, n snd j ere
integers. Oonsider now #ll atates of given m obtained by veryling J,

1.8, the nuaber of nodes of J; inrside the oylinder. For large vealues




of § the nodes coour @ followe:
exj. «  x(3+ 5/8) B sven
Kyy * ®(3 + 1/3) m odd
end ere ssymplotioslly indepsndent of m. 9inos only e rslstively szsll

(21)

mumber of stetes coour st smell values of j, and we ars going to uss sn
integretion approxinetion, we may ues oq.(21) in 2he spproxinats form
end doubls the number of ststes compered with the numder of integers J.
To this spproximetion eq.{12) begomes

2/a0fry/n? o @)+ 2w - (23)

Oompering (21) with (17) we note next thst for e given poaitive m,
the veluss of J must suffer s out-off below j, where
3o = m o+ 1.8%al7 (24)
For smelier values of j then this the first sero of Jg fslls beyond
r = s. For negetive values of m we have exsotly the ssme situstion
with ¢he minimaz velus of j given by
Jo = -m * 1.856(-1!)1/5 (25)
These 1lsst two sgqusticns repressnt two oylinders intsreecting along the
n-sxis in mumber epsce, snd the Fermi region ims that portion of the
number spsce lying bestwesn these two oylinders snd out off by the Farmi
surface 2q.{23). T™his {s 1llustrsted in Pigure 1.
The numbsr of stetss is sight times the volume of the Fermi region

sbove the n-m plan>: e factor of two for the ‘{wo m~velues per j-vslue in



PIGURE )
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0q.(21), ® feotor of two for the opin, snd e fector of two to tnolude the
negative j-veluss.
Our firet odjeotive ie to Pind the volums of the Parmi reglon and ao
doteruine the Ferxl energy in terms of the totel number N of elsotrons.
Ve find the volums for positive m-vslues firet, the volume for negstive
w-velues is then sbicined simply by reveraing the sign of » end the totel
volume is the sum of thsee. It therefore oontains no term linser in s
and in every cooroxinmetion we must ocount all terme quedratio in P to be
aile oventuslly to find the susosptibiitty of the cisembly.
vriie X = AkANZN = M\‘/L/fﬁ-, y- Mn/-fz’n‘ (26)
and tha equetion of the Ferail surfeoce
¥ e+ y2 o 2mp = $ (an
The totel number of ctetss in the Feral reglon te
IRy rras (28)
where v = 16MalSs22 .
Teais persbolio sections psraellel to ths x~y plane - see Figurs 1. The
number of states on ths positive sido of thst pisne is then
N - 2-}/](; - g - vyt dy dm (25)
wvhere the range of integration over y te
(2« 18565 < 7 < (§ - 2ot

(30)
with g = o2/
Write s = (= + 1.8% a>)/g (51)
end B, for the zolution of
B, 1.8%6 mg,]'/5 - g({ = 200?)% (32)
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then K, cen be written s the sum of the following thrse integrals:

o o opes . wt A -
By, = =) (S - 2mo)em ¥y - Hpud) (33)
2o
La © -% ,(;,a’,,.z)id,_ (34)
Ny = ...j’:°(§ - a-?)u-mngs(;- auy)'*jd- - (35)

To eveluate Ko end :-i,, 1t is convenisnt to use 3 &s the veriadle
insteed of m, or thw retio
t = z/s, (36)

where 5= (; - 2!\,?)* (X7)
Remombering thst only lerge veoiues of m sre importent, ve oen writs in
Place of eq.{31)

B = gs - 1.85 (Si)w (38)
Morecver wea ceni expend the square oot in the imtegrand of 6q.(32) es

toliowe:

(1 -+~ (29)

Oombining (39) end (38) we cen sxpress (%4) in ths form of e sum of
eight intagrals ell of whioh sre well-behaved end either elementary
or reduoible to elliptio integrels thet cen be raedily evelustzd®.

* Ser the Appsmdix
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The reeult 1is
N,p/v = 0.011¢/x
= 4 I
. ?l -0.125(510)‘ * 0.388(gz,) = 0'197(5‘0)2/9 }

» (¢/s,)f0-0171(kn,)” - 0.053(sz )7 | (20)

/3

To ovaluste N.5 wo sxpand 4he i(ntagrand, using
2

f - 2mp = oz, 2?(.0 - )

end the following developrent of the srosim

srostnfa(f- 200) | = eroetnt - (p/sd)(m, - &)1 - v2) 2
v (32)p/e2)3(m, - w1 - 137
v R/ An, - A1 - D) (41)
We then express the vhols integrand in terms of ¢ by writing
m -m = ogr(1-t) - 1.856(gz) Y301 - £/ (42)

Negleoting only terms involving 95 or higher orders, these steps result
in twenty four integrels which ere egsin clementary or can de reduoced to
elliptic integrele. We find
Na/w = - 0.5708gz,> * 0.521(,;:0)1"5:02
» o[0.2188(g2 )% - 1.2755(52) "7+ L5t1(g2 )2 |
r (p/3)%f0.1075(88,)% » 1.108(g2,) 77> + 1.610(gz,) (43)

To expresze N1 in terms of the Ferml energy we nesed the solution of

5/5}

eq.{32) for m
B, - a{* = 1-856(3{51',3
M AACRHREE  CUNCERE (Y ILT UL
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Tc exprese the other parts of N, in terms of }F we nesd the expansion
for z, derived from eq.(A44) end eq.(3Th
/§F - 1= (e/nfeg? - 1essegh |

© HEReh? - 0.aegh ™ L (1)
Corrylng out thece developmsnts we then sdd the three parts of M,
double the terms of sven order 1in ? rnd remove the terms limsar in 9,
the result is the totzl number in the whole Fermi region:
N - 2.02(g5h) - u.52(es) s,

(3/4 7713100861y + 8.00ggh/ - 11.885h> ¢ 23megh ] (46)
¥riting in the dsfinitions of g end w from eqe.(30) wnd (28), end
solving 6q.(46) for the Fermi energy § we find:

; - 1.5h0(N/V)2/5h2’2M - 2.11(N/V)"/ 9 (%2 /21) a~2/3
- AAR) fo.13002 + 2,255 2R3 L 290w RS amy

vhere V -1rl2L the volums of ths eylinder.

The Ensrgy of the Fermi Assambly
The energy of an sssombly of N electrons filling ths Ferm! ragion
on ths positive side of the x-y plene is
E, = wj/r(xz * y2 . 2m?)dx dy dm (48)
The enorgy on the negative side la obteilned fromr this be revérsing the
sign o* P in the finsl expreselon. ™he *otsl energy therefore hes no
term linear in % snéd agein sll developmente muet be osrried fer enough

‘0o inolude all terms quadrestio in f Taking the eems elzwents of volums
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ss for the N-inte_grstions we hava the three ocontributions to E, s

By = (2/3n {’ @& = 2mp ~ 372)5/2 dy dm (49)
Bop ™ Zv“yz(f 2mp - yZ)Q dy dm (50)
Sy = twplfal 2w -yt ey am (51)

The rengs of intogration over y is the esamo 28 in €q.(29). The firet of

these contributions integrstea irmedietely over y to yteld the four

integrale Eyy = 2. 31,. J= 1,234 9(52)
3
By - cr/a)-}; - 2my)2 dm
m,- v; 2!:011’/8 - v{; 5 nozﬂ/‘! - VVZI%’Y/CS (53)
Bp * (W) 2§ - 2mp - 2)72 4u (54)
7% 2.% =
Eyy = -(v/'*)/o (¢ - 2“?)(§ - 23 - 1% dn (5%)
r .
By * "('/“)jono(i = Zlf)znroﬂ.n;z(j - 2u?)'il{dn (56)

Using eq.(%8) snd tiv semw kind of expsneion se eq.(%), the integrsl
in aq.("4) breaks up into ten elementary integrsis that csn be cvalusted
without diffioulty. T™he similar expensions for the inteprand of eq.(%5)
ylelds twenty more in'egrels, snd the oxpensions for eg.(%5€) yleld
thirty integrels to oltein E,,.

The secornd contribution E,, of 8q.(50) integratss over y to yield

the sum of the following four contributicns:

821 L Ell' 822 - 5312, 325 - Elb, snd 221; . Elh (57)
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Ths finel sontrtbution B;,, of 9q.(51) integratess over y *c vield thres
oontributions 855' J = 1,2,5. Of thees 851 tntegrates direcgtly over m,
E,z involvea an saxpasneion end develops into eleven eleomsntery integrals,
end E” develope similerly intc seventeen integrale. Totslling sll thees

oontridutions to the snergy, doubliing the terms even in Q and removing

those linear in ¢ wo derive the energy € of ths Ferml sssembly:

EM§2 = o.h(egh) - 2.67sthH3 o

(e/)%5- 9.09%(xgh)? + T.e0(sh) + sLaRgrH | (58)
In the derivation of thie result of oourse the sxpeneion {45) has to de
used before the terms lirear in ? are removed.

I we take only the lesding terms in (%8) end (46) we find for the
mean ensrgy per e lsctron at sbesolute soero in first spproximstion of
poro megnetic fleld ind lerge volumese

B/N = 0.462{ (%)
Ve now use ¢q.(A7) for the Fermi emergy, and the definitions (70) end
(28) for g end w, end 6q,(19) for o in 8q.(58) end odtein the rinsi

axpression for the energy of tha essembly ot OOK;

BN = 032 3(02/0m) + 03600 D (82 /2y a3
(2022 Ho?) {2902 - 1,98V 2D w0 sxmMPRBT (60

The approximations upon whioh the verioua power-series davelopmsnte

ere bassd depend for thelr velidity on the magnetio terns being found
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snell compered with the leeding term. Numerioelly it turns out thet
this requires, in eq.(40), that #2112 be not mich lergsr than 0.01,
If thersfore we were interestsd in oylinderz of redius no lergsr then
1077 om. the z=gnetlc field could be as high as 100 geuss; the result
is therefore of interest in a reneral discussion of suporoonductivity

which &exists only for small megnetio fislds.

Discussion
The susoeptibility resulting from sq.(50) is cleerly persmesgnetic
and for mascrosocopic speoimsns extremely lergs ocompered with the orbitsl
diemegnetisn in free spacd. The ocomperison ie strongly eizs dependent.
From #q.{60) we heve the susceptibility, neglsotinz the smaller terms:
X = 9.96 02 42 (KNV)/Mo? (61)

oyl
snd in fres epace (3)

Xpaq = - 0:10502(8)1/3 /o (62)

Even for oylinders se emsll ss 10~ om in redius the gquentity (61) is
roughly ten thousend times ths megnituds of X, ..

One osn understend this surprising result in the following w. -,
Ir ¢he first splece, ss muntiored csrlier, the olessiosl pioture of
locslimed orbits {s inepplicsble. On thst picturs, snd on the ploture
quantum ploture using the WKB epproximstion, the rsfleoted orbits either
oexsotly or very neerly bslence the unreflected orbite, so thst the net
susceptidbility ia very smsll. On the present picture using the exsoct
eigenfunctions in the cylinder, every stste is rsflsoted by the boundary

beosuse 1t has to have & nodoe there. The division into reflected and
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unreflooted orbits oan not now b6 made. When one ocsrefully cheoks whioh
integrale actuelly leed to the persm=msnetic term it turne out that eq.(32)
le direotly to dlems. Ths msjor oontridution comse immedistsly Prom the
quadrstio term in (?/g) in eq.(44), the solution of eq.(%2). Thie
lqu-tlbn arises direotly fron thé reistion bstween the olroular end the
rediel nodese of the Nessel funotiona snd ia inherent in the exeot aolut-
fon of ths problea. By contrest the solution for free apsoce involvee no
such cut-off in the Fermi region. The Perml region obtslned from the
speotrun of 6q.(15) ie ocut off only st n = O end the meximum of n

ocoure at the vertex of the parsbola y2 e 2ng = 5 v n -;/2? .

The oontrest batween this end ¢q.(44) should lesd us to expeot
ontléoly different results in the cylinder. Inoidsntelly the factor g
appeering in eq.(32) end (M) is immedietely reeponsible for the alze-
depondence of the psramnsgnetic ternm.

Ome oould reverse the aign of this term and eo obtsin a very lsrge
dismapnetiam fsr exempla dy chenging ths square root in eq.(32) into
esome rationel power greeter then unity. Thils would follow for a ncdel
reletionship replecing sq.(16) hsving s lesding term of ths form

i T al/¥
with )Y > 2. Asy potential fleld ospabie of produning suck s redical
alteration in the meroes of ¢thie Beesel funotions oould herdly be hendled
by eimple firet order perturbetion theory starting from the weve funotionse

obteined here for the field free oylinder.



The amellsr terms depending on H in eq.{%0) sre dismegnetiec. They
sriss Tfrom the cude root terms in eg.(32), end sre msry orders emellsr
then 9q.(Al). These Adtemarndtic terms osn formslly becomy oomparsbls
with the paramegnetic term only by setting the rsdius of the oylinder

-6 or 10-7 om; but the power developments ussd in epprox-

less than 10
imeting ths vsrious integrsls would no longer bs velid. The sssembly
o? 1000 eleotrons considered by Besden and quotcd in Osborne'e paper (1)
wes found to be diemegnetic, and thie would egree with the pressnt
formel resuls.

The ssoond non-msgnetio term in 6q.(50) is not without interest.
It slso 2riees from the cubs root term in the hehsviour of the nodes.
While it 1e many ordere smsller thsn the leading term sxoept et vsry
smsll redii, 1t is such ss to etsblise the whole sssemhly sgeinet breek —
uD into separste emeller sud-ssessmbliece. It may esrve to justify our
taking the entirs populetion of the oylinder in one singls Permi eseembly
snd epplying the exoluaion prinociple to ell the slectrons. Without eusth
& tarm ons could equally well essums that the populstion bdreaks up into
domains within which the exclusion prinoipls operstes, but between whioh
slsotrons in different domeins disregard esohother. Thias lattar ie
possible when uving periodis boundery conditicns in s rectsnguler enclos-~
ure, the boundery bYeing then nothing more than e convenient flction.

One oonoclueior esems very definite. It is quite impoeeible for free

eleotrons in s oylinder to exhibit the type of diemsgnotism thet we need
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to understend superoonduotivity. This dismegnetism ocerteinly exiaste
sxperimntelly in the limit of smell filslde under ths oconditions of
velidity of the formule (60). It edemm certsin thersfore that this
dieasgnetien must b6 # result of the interection detwsen the slectrons
and the lettice potential, end not e property desorideble spproximately
in terus of the elsotrons elone. T lattice potentisl must in feot
slter Zrastioslly tho relstionship bstween the oirouler and rediel nodes
of ihe oigenfunctions end s¢ completsly chengs ths shepeof ths Feral
region in veve-mmber gpese - which of ocourse 4t odviocusly doss - snd
diemegneticsm must ds the result of this.

It would be of further intereet to study ocur preesent problea ‘or
very strong fislds. This ocoulsd be done by developing the vartous
integrende in povers of (5/?) instesd of (?/9 The oorresponding
terms in E/W depsnding on msgnetic fleld would form e polynomial in
negstive powers of H, snd sould conocelivedbly have s lergy numder of zeroes,
so ylelding the de Fsss ven Alphen sffesot, The exsct vey of hendling thie

rie; 1% would be extremsly sonplie-

howeve; would ba by tbey msthod of Osbo - :
ated owing to the ewkwerd eshspe of the FPermi region, and iis present

writer docs not plan ¢to make the sttempt.
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Cuption to Plgure 1.

The Fermi Reglon in Weve Number Spsoce

J = index for clroular nodsse
m = {index for redisl nodes
k = index for plane nodes
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Appendix

Moet of the intagrsls snoountsred in thia work oen he reduced teo

ths fnlloving form
oy
X(n) = / X7 aroein X dX
0
Below we tebulste the needed numeriosl veslues. Some of these had to
be ohtelneéd by direot summstion of svrics szpansions of the integrand;

the others wores found by reduction to slliptiocel integrsls.
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